by the scanning and transmission electron microscopy after removal of the epidermis and collagenous fibers of the dermis by acidic maceration and enzymatic digestion with collagenase.
Fibrocytes in the papillary layer were dendritic cells, consisting of bulky or flattened perikarya and numerous cytoplasmic processes of various size. The processes were anastomosed with those of neighboring cells forming a three-dimensional network.
Fibrocytes around the blood capillaries were squamous and formed cellular sheaths, on which dendritic fibrocyte processes anchored. The outer surface of the papillae showed a fine villous appearance.
It was composed of densely arranged tins processes of fibrocytes, tops of which were almost at the same level. These processes may be sites for fibrillar attachment and play a role in dermal anchoring to the epidermis.
In the reticular layer, fibrocytes were flattened, stellate cells which were anastomosed with neighboring cells and formed two-dimensional latticework. These cellular lattices were arranged in lamellae, oriented roughly parallel to the skin surface.
Nerve bundles were often encountered in the labyrinthine space of the fibrocylic network.
The papillae of the skin are dermal protrusions against the epidermis. A well developed capillary network as an axial structure of the papilla contributes to the effective achievement of skin functions, such as epidermal nourishment, gas exchange, temperature regulation, etc. (White and Clawson, 1967; Braverman and Yen, 1977; Imayama, 1981; Umeda and Ikeda, 1988) . These functions are mediated by connective tissue layer intervening between the capillaries and the epidermis (Odland, 1983) . Histological evidences explaining the histophysiology of the dermal papilla have been accumulated on cellular elements (Hashimoto, 1967; Montagna and Parakkal, 1974) , collagenous and elastic fibers (Weinstein and Boucek, 1960; Hashimoto, 1967; Montagna and Parakkal, 1974; Tsuji, 1980; Imayama and Braverman, 1988) and ground substances (Loewi, 1961; Smith et al., 1982) . Informations concerning the arrangement of fibrocytes as main cellular elements, however, have not been reported as far as we know.
Recent development of methods for digestive elimination of the intercellular connective tissue fibers (Evan et al., 1976; Uehara and Suyama, 1978) has been enable us to obtain direct visualization of non-luminal surface of cellular elements in various organs. Using the digestion method, the present scanning electron microscopic (SEM) study was undertaken to reveal the three dimensional arrangement of fibrocytes in the dermal papilla which is known to be well developed in the human sole skin.
Materials and Methods
The sole skin observed in the present study was obtained from an accidentally dead human adult (33 years old, male). Small pieces of skin from the cadaver which was perfused and fixed via the femoral artery were immersed in a fixative for a week or more at room temperature. The fixative used was a mixture of 2.5ro glutaraldehyde and 4(7o formaldehyde in 0.1 M phosphate buffer (pH 7.4).
For SEM observations, skin specimens (about 5mm x 3mm x skin thickness) were placed in 8N HC1 solution for about 40 min. at arc. After several rinses with the buffer mentioned aboN e, the specimens were placed in 0.1 N1 phosphate buffered (pH 6.8) collagenase solu- N . Omagari and K. Ogawa tion (Sigma, type 11) at a concentration of 100 mg (20,000 units) per 100 ml buffer for 2 hrs at 37°C (Evan et al., 1976). After being washed with distilled water, the specimens were immersed in 2Wo tannic acid solution, and then conductive stained with 1.0% osmium tetroxide in 0.1 M phosphate buffer. The specimens were, then, dehydrated with a series of graded aceton and iso-amyl acetate, dried by a critical point method of CO2, and coated with platinum palladium. Observations were performed with a Hitachi S-450 type SEM. For TEM studies, small blocks of glutaraldehydefixed tissue were post-fixed with 1.3% osmium tetroxide in the same buffer mentioned above, dehydrated with a series of graded alcohol and embedded in Epoxy resin. Semi-thin sections were stained with toluidine blue and observed under the light microscope. Thin sections were doubly stained with uranium and lead, and observed in a Hitachi H-500 type TEM.
Observations
The papillary layer after removal of the epidermis was villous in appearance, and, in general, finger-like projections of the dermis were arranged in rows which extended parallel with each other (about at intervals of 150 pm) [ Fig. 1 ].
The papillary projections tapered toward the epidermis [Figs. 1, 2, 3] . They were about 300 pm in height and 100 pm in thickness at their middle levels. At the tops of most papillae, were seen swellings of looped capillaries [ Fig. 2 ]. The capillaries were characterized by cylindrical pillars (about 20 tim in diameter). Generally, a pair of capillaries extended tracing in a slightly twisted course along the long axis of a papilla. No anastomosis was observed between the paired capillaries in a loop.
The outer surface of the papillae in a close-up view showed a fine villous appearance which was caused by dense arrangement of tiny processes [ Fig. 4 ]. They were almost uniform in thickness (about 0.3 pm) and the tops were almost in a same level. Those tiny processes were tip-ends of thread-like processes of fibrocytes.
On fractured surface of the papillae, there was seen a thick, spongy layer investing the axial blood capillaries [ Fig. 5 ]. The layer was formed by mutual anastomoses of dendritic fibrocytes, perikarya of which were flattened and bulky masses [Figs. 4, 5] . Thread-or beltlike processes of various thickness extended radially from the perikarya. Those processes were anastomosed with those of neighboring cells, forming a labyrinthine space. The three dimensional network of fibrocytes also occupied the space between capillaries of the papillae [ Fig. 6 ]. Some fine strings of unknown nature were intermingled with the fibrocytic processes or extended through the lahyrinthine space II k2 8].
TEM observations of the papillae in thin sections revealed numerous cut profiles of thin processes and the perikarya of fibrocytes in the dermal connective tissue [ Fig. 7 ]. Fibrocytes around capillaries were squamous and arranged in a layer, by which the capillaries were ensheathed.
In the reticular layer of the dermis, fibrocytes were flattened, stellate cells with several processes on their marginal edges [Figs. 8, 9 ]. The processes were anastomosed with those of neighboring cells and formed two-dimensional cellular latticeworks. These lattices were stacked up into multi-layers which were roughly parallel to the skin surface.
Through the labyrinthine space of cellular meshes, were sometimes seen extensions of cords with smooth surface and relatively uniform thickness (about 2 pm) [ Fig. 9 ]. The cords branched and anastomosed each other to form a network, and each cord was formed by bundles of thin fibers. Those cords may correspond to nerve fibers extending toward the epidermis. Some swellings which may due to the nucleus of Schwann cells were noticed on the cords.
Discussion
Many investigators, with the application of the HC1-collagenase method to various organs, have reported the effective elimination of collagenous elements (Brocco and Tamarin, 1979; Uehara et al., 1981). The present study also succeeded using the method in removal of collagenous fibers in the dermis, and in direct visualization of fibrocytic network in the dermal papilla. In the present study, however, some fine strings of unknown nature extended in the intercellular space and entangled with processes of fibrocytes. They may be elastic fibers, if some debris of the elastic fiber remain undissolved by this method, though the recently introduced elastase treatment methods (Amemiya, 1984; Levinson and Bradley, 1984) have not been applied.
The different forms of fibrocytes, dendritic in the papillary layer and stellate in the reticular layer, well coincide with those which have been revealed by lightand transmission electron microscopic observations (See reviews for reference : Horstman, 1957; Schmidt, 1968; Montagna and Parakkal, 1974) . The lattice-like layers of fibrocytes in the reticular layer are considered as interposing cellular layer among lamellar collagen fiber bundles in a plane parallel to the skin surface (Odland, 1983) .
The three dimensional cellular network in the papillary layer was formed by mutual anastomoses of dendritic fibrocytes. They arc connected hy innoional structures whose occurrences ;tic IN )1 cd ;iniong fibrocytes (Bucher, 1) The cells in such a network are integrated in a possible unit with inter-cellular communications, and may take a part for maintaining physiological conditions of minute structural units, such as osteons, fiber fascicles of tendon and ligament, intestinal villi, and lymph nodules. Therefore, the network of papillary fibrocytes may suggest the existence of some functional units in the dermal papilla.
For the mechanical support of the epidermal-dermal junction, anchoring fibrils (Palade and Farquhar, 1965) and dermal collagen microfibrils (Briggaman and Wheeler, 1975) are reported. Those fibrils appear to be inserted into the epidermal basal lamina and are aggregated into roughly organized bundles in the papillary dermis. However, there is no information of anchoring structure of those fibrils in the dermis. In this sense, tiny processes forming a superficial villous layer on the papilla described in the present study attract our attention. Although most of the fibrils are intermingled with the dermal collagen fibers, the processes of the villous layer may partly play a role for attachment of the fibrils mentioned above. 
Explanation of Figures
Plate I Fig. 1 . A scanning electron micrograph of a surveying view of the dermal surface after removal of the epidermis by HCI and enzymatic treatment. Dermal papillae (P) of relatively uniform size are arranged linearly in rows. E: epidermis remained. x110 Fig. 2 .
A close-up view of a dermal papilla. Loops of blood capillaries (C) extend to the top of the papilla. Capillaries are invested by a spongy layer. The layer is relatively flat in the intervening areas between papillae. E: basal surface of the epidermis. x 460 Fig. 3 .
A light micrograph of obliquely cut section through the dermal papillae (P). Owing to different levels of the papillae sectioned, there is a variety in form and thickness. Arrows indicate well developed capillaries in the apical portion of the papillae. E: epidermis. Nerve bundes (N) extended through the meshes formed of cytoplasmic processes of fibrocytes (F). Swellings of Schwann cell nuclei (*) are noticed on the bundles. x 3,000
